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Single Molecule DNA Interactions of the Nucleic Acid Chaperone Protein
from the Line-1 Retrotransposon
Kathy R. Chaurasiya, James Evans, Suresh Peddigari, Sandra L. Martin,
Mark C. Williams.
Reverse transcription in retroviruses and retrotransposons requires nucleic acid
chaperones, which facilitate the rearrangement of nucleic acid secondary struc-
ture. The nucleic acid chaperone properties of the human immunodeficiency vi-
rus type-1 (HIV-1) nucleocapsid protein (NC) have been extensively studied,
and nucleic acid aggregation, duplex destabilization, and rapid protein binding
kinetics have been identified as major components of its activity. However, the
properties of other nucleic acid chaperone proteins, such as ORF1p from the
retrotransposon LINE-1, are not as well understood. We used single molecule
DNA stretching in combination with site-directed mutagenesis of ORF1p as
a method for detailed characterization of its chaperone activity. Wild type
ORF1p significantly reduces the cooperativity of the force-induced melting
transition from double-stranded DNA (dsDNA) to single-stranded DNA
(ssDNA), indicating that DNA melting is more easily initiated in its presence.
ORF1p also aggregates both dsDNA and ssDNA, and exhibits relatively rapid
binding kinetics. Altering certain residues has dramatic effects on chaperone
activity. Stretching curves in the presence of mutant R284A, which is inactive
in retrotransposition assays, exhibit a cooperative melting transition and mini-
mal DNA aggregation. Retrotransposition is partially restored with mutant
R284K, which alters the melting transition and strongly aggregates ssDNA.
Similarly, mutant Y318A has minimal retrotransposition activity, and stretch-
ing curves reflect only a small change in melting transition cooperativity. The
Y318F mutant, which largely restores retrotransposition, alters the melting
transition in a way similar to wild type ORF1p. Thus, DNA stretching results
indicate that reduced cooperativity of the melting transition is associated
with greater nucleic acid chaperone and retrotransposition activity of ORF1p
variants.1269-Pos Board B179
Nucleic Acid Binding Properties of HIV-1 Gag Polyprotein and its Proteo-
lytic Processing Intermediates Studied by Single Molecule DNA Stretching
Jialin Li, Mark C. Williams, Chrisopher Jones, Karin Musier-Forsyth,
Siddhartha A.K. Datta, Alan Rein, Robert J. Gorelick, Ioulia Rouzina.
The human immunodeficiency virus type 1 Gag protein is essential for retro-
viral assembly. During viral maturation, Gag is processed to form matrix
(MA), capsid (CA), and nucleocapsid (NC). NC is initially cleaved into
NCp15, then NCp9, and finally NCp7. NCp7 functions as a nucleic acid
chaperone during retroviral replication, in which it rearranges nucleic acids
to facilitate reverse transcription and recombination. The role of Gag and
its cleavage intermediates in facilitating nucleic acid remodeling is not
well understood, although it is likely they also function as chaperones during
viral assembly and early reverse transcription steps. We use DNA stretching
to probe the DNA interactions of these proteins. In the presence of NCp7
DNA elongates at a lower force almost reversibly, demonstrating that
NCp7 facilitates rapid DNA structural transitions. In contrast, the absence
of a clear force-induced DNA elongation transition in the presence of
NCp9 and NCp15 suggest that these proteins prevent DNA strand separation
by forming a filament around duplex DNA via protein-protein interactions. In
the presence of Gag the stretching curves exhibit a clear force-induced melt-
ing transition, although the overall DNA length and its length change are less
than observed in the absence of protein. This result reflects the ability of Gag
to compact long regions of the double-stranded DNA molecule, creating
small virus-like DNA/Gag particles, thereby preventing DNA from stretching
and melting by force, while leaving the rest of the DNA protein-free. Further
studies will elucidate the protein concentration dependence and the kinetics
of these protein-DNA interactions. This work was supported in part by Fed-
eral Funds from NCI, NIH under contract N01-CO-12400 (RJG)and the In-
tramural Research Program of the NIH, NCI, Center for Cancer Research
(SAKD, AR).1270-Pos Board B180
Biochemical and Biophysical Investigation of the Molecular Determinants
of HIV-1 Vif Packaging
Kalyan Giri, Klaus Strebel, Ernest L. Maynard.
HIV-1 virion infectivity factor (Vif) is an accessory protein that is packaged
into virions and is essential for viral replication of HIV. In the absence of
Vif, a host cytidine deaminase, APOBEC3G, is incorporated into virions and
delivered to target cells where it mutates viral cDNA. Vif recruits a cullin 5-based ubiquitin ligase that targets APOBEC3G for proteosomal degradation.
It has been demonstrated that Vif is packaged into the viral core through inter-
actions with the viral genomic RNA. The mechanistic role of packaged Vif has
not been determined, but mutations that disrupt Vif packaging, abolish HIV-1
infectivity.
We have made several Vif mutations in a basic region spanning residues 75-
115 that inhibit packaging. Deletion mutagenesis further confirms that resi-
dues beyond 115 are dispensable for RNA binding. An RNA binding assay
was developed to look at the correlation between packaging and RNA bind-
ing. Stem-loop RNAs derived from the 5’-untranslated region of the HIV-1
genome were chemically synthesized and labeled with fluorescein. The bind-
ing of Vif to labeled RNA was measured by changes in fluorescence anisot-
ropy. Binding data showed that some packaging mutants had a reduced
affinity for RNA while for other mutants, binding affinity was unaffected,
suggesting that other factors may contribute to the specificity of packaging.
Evidence suggests HIV-1 Nucleocapsid (NC) may assist in the proper pack-
aging of Vif. Our results demonstrate a RNA dependent interaction between
Vif and NC that may be relevant to intravirion packaging of these proteins.
Since in the absence of functional Vif, APOBEC3G is packaged into the viral
core in an RNA dependent manner, we propose that Vif packaging may help to
exclude APOBEC3G from the viral core by competing or interfering with
APOBEC3G packaging.1271-Pos Board B181
Activation of PKR by Stem Loop RNAs Requires Flanking ssRNA Arms
C. Jason Wong, James L. Cole.
Protein kinase R (PKR) is a key component of the interferon-induced viral
response pathway. PKR contains an N-terminal double-stranded RNA
(dsRNA) binding domain and a C-terminal kinase domain connected by
a ~90-residue linker. Upon binding dsRNA, PKR undergoes autophosphory-
lation and kinase activation. Activated PKR then phosphorylates the alpha
subunit of the eukaryotic initiation growth factor 2 and thus inhibits protein
synthesis in virally infected cells. A minimum of 30 bp of dsRNA is re-
quired to bind two PKRs, leading to dimerization and activation. Stem-
loops are common RNA structural motifs. Recently, it was reported that
short stem-loops containing 16 bp and ssRNA flanking arms are also able
to activate PKR and that activation requires a 5’-triphosphate. However,
the activation mechanism is not known. We have prepared RNAs containing
a 15 bp stem-loop and various ssRNA flanking arms and characterized acti-
vation and binding of PKR. Activation by these RNAs requires ssRNA arms
on both the 5’ and 3’ sides but it is independent of the presence of a 5’-tri-
phosphate. Sedimentation velocity measurements indicate that a single PKR
binds to the activating stem-loop RNA at 200 mM NaCl with Kd = 309 nM.
PKR binding affinity is not strongly affected by removal of either of the
ssRNA arms or the 5’-triphosphate. At lower [NaCl] (75 mM), each of
the stem-loop RNAs can bind two monomers of PKR. However, only the ac-
tivating RNA exhibits a positive binding cooperativity. We propose that ac-
tivation by this RNA is due to enhanced population of the species containing
two bound PKRs as a result of cooperative binding of the second PKR
monomer.1272-Pos Board B182
Inhibition of PKR by Adenovirus-Associated RNA I
Katherine Launer-Felty, C. Jason Wong, Ahmed M. Wahid,
Graeme L. Conn, James L. Cole.
Protein kinase R (PKR) is a component of the innnate immunity pathway
that is activated by dsRNA to undergo dimerization and autophosphoryla-
tion. Adenovirus virus-associated RNA I (VA I) is a short, non-coding tran-
script that functions to inhibit the activity of PKR in the host cell by acting
as an RNA decoy. VA I contains three domains: an apical stem-loop, a cen-
tral domain, and a terminal stem. Previous work suggests that PKR binding
is localized to the apical stem and central domain regions. We have char-
acterized the PKR binding stoichiometry and affinity using sedimentation
velocity analytical ultracentrifugation and isothermal titration calorimetry.
Although two PKR molecules clearly bind to VA I in the absence of diva-
lent ion, only one PKR binds in the presence of Mg2þ and the binding af-
finity is reduced by about 20-fold. In contrast, PKR binding to regular
dsRNAs is not strongly affected by divalent ion. Thus, Mg2þ may be re-
quired for VA I to fold. Interestingly, we do not detect large structural
changes in the RNA by small angle X-ray scattering upon addition of
Mg2þ. Removal of the VA I terminal stem does not affect PKR binding
affinity or inhibition. PKR binds more strongly to the highly- structured,
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cal stem or to the isolated apical stem itself, indicating that PKR specifi-
cally recognizes the central domain. Our data indicate that VA I inhibits
PKR because it binds tightly but does not foster PKR dimerization in the
presence of Mg2þ.
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A Biophysical Study of the Hepatitis C Virus 5’Untranslated Region Inter-
actions with MIR-122
Valerie Schrott, Stanley M. Lemon, M. Rita Mihailescu.
The liver-specific microRNA, miR-122 has been shown to be involved in pos-
itively regulating Hepatitis C Virus (HCV), which infects on average 3.2 mil-
lion Americans. Emerging evidence in the literature suggests that miR-122
binds to two seed sequences (S1 and S2) located within the 5’ untranslated re-
gion (UTR) of HCV genomic RNA. Both sites S1 and S2 are important for the
effect of miR122 in promoting an upregulation of HCV translation, whereas
the S1 site plays a more crucial role in increasing the effect of miR122 upon
the viral replication. In this study, we used biophysical techniques such as nu-
clear magnetic resonance (NMR) spectroscopy and native gel electrophoresis
to analyze in vitro the direct interactions between miR-122 and the HCV
5’UTR RNA.
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Conformational Distributions at the N-peptide/boxB RNA Interface
Studied Using Site-Directed Spin Labeling
Xiaojun Zhang, SangWon Lee, Liang Zhao, Tianbing Xia, Peter Z. Qin.
In bacteriophage lambda, interactions between a 22-amino acid peptide (called
the N-peptide) and a stem-loop RNA element (called boxB) play a critical role
in transcription anti-termination. The N-peptide/boxB complex has been exten-
sively studied, and serves as a paradigm for understanding mechanisms of
protein/RNA recognition. Particularly, ultrafast spectroscopy techniques have
been applied to monitor picosecond fluorescence decay behaviors of 2-amino-
purines embedded at various positions of the boxB RNA. The studies have led
to a model in which the bound N-peptide exists in dynamic equilibrium be-
tween two states, with peptide C-terminal fragment either stacking on (i.e.,
the stacked state) or peeling away from (i.e., the unstacked state) the RNA
loop. The function of the N-peptide/boxB complex seems to correlate with
the fraction of the stacked state. Here, the N-peptide/boxB system is studied us-
ing the site-directed spin labeling technique, in which X-band electron para-
magnetic resonance spectroscopy is applied to monitor nanosecond rotational
behaviors of stable nitroxide radicals covalently attached to different positions
of the N-peptide. The data reveal that in the nanosecond regime the C-terminal
fragment of bound N-peptide adopts multiple discrete conformations within the
complex. The characteristics of these conformations are consistent with the
proposed stacked and unstacked states, and their distributions vary upon muta-
tions within the N-peptide. These results suggest that the dynamic two-state
model remains valid in the nanosecond regime, and represents a unique
mode of function in the N-peptide/boxB RNA complex. It also demonstrates
a connection between picosecond and nanosecond dynamics in a biological
complex.
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Dynamic and Ordered Assembly of Single Spliceosomes
Aaron Hoskins, Larry Friedman, Sarah S. Gallagher, Daniel J. Crawford,
Eric G. Anderson, Richard Wombacher, Nicholas Ramirez,
Virginia W. Cornish, Jeff Gelles, Melissa J. Moore.
Spliceosome assembly is a highly dynamic and complex process involving
the addition of 5 snRNAs and >100 proteins to a pre-mRNA transcript.
This process has largely been analyzed by discontinuous assays that pro-
vide limited kinetic information. By combining yeast genetics, chemical bi-
ology, and a multi-wavelength single molecule microscopy technique
(Colocalization Single Molecule Spectroscopy, CoSMoS), we monitored
the formation of single spliceosomes. This approach revealed that individ-
ual spliceosome subcomplexes associate with pre-mRNA sequentially via
an ordered pathway to yield functional spliceosomes. No single subcom-
plex binding event disproportionately limits the speed of the assembly re-
action. While not all pre-mRNAs acquire a functional spliceosome,
commitment of pre-mRNAs to splicing increases as assembly progresses.
Therefore, spliceosome assembly is not a one-way, unbranched process
as some models depict. This experimental strategy should prove widely
useful for mechanistic analysis of other macromolecular machines in com-
plex environments.1276-Pos Board B186
Direct Observation of pre-mRNA Arrangements During Spliceosome
Assembly Using Single Molecule FRET
Daniel J. Crawford, Larry J. Friedman, Aaron A. Hoskins, Jeff Gelles,
Melissa J. Moore.
In eukaryotes, transcription of genomic DNA produces precursors to messenger
RNAs (pre-mRNAs) which contain both expressed regions (exons) and
intervening non-coding regions (introns). Pre-mRNA splicing, the process
of exon ligation with concurrent intron excision via two transesterification
reactions, is carried out by the spliceosome: a highly dynamic macromolec-
ular complex consisting of five core small nuclear ribonucleoprotein particles
(snRNPs) and many transiently associated proteins. We used single molecule
fluorescence resonance energy transfer (FRET) and single molecule fluores-
cence colocalization (CoSMoS) methods to detect pre-mRNA structural rear-
rangements during the splicing reaction and to investigate their timing with
respect to the steps of spliceosome assembly in budding yeast (Saccharomy-
ces cerevisiae). We first prepared a model pre-mRNA containing two site-
specifically incorporated fluorophores. The FRET acceptor Cy5 was placed
within the 50 exon near the 50 splice site, whereas the FRET donor Cy3
was positioned just upstream of the intron branch point nucleotide that pro-
vides the nucleophile for the first transesterification reaction. Then, by mon-
itoring changes in FRET efficiency on single pre-mRNAs during splicing,
we observed conformational changes within the pre-mRNA. Further, by
stalling the spliceosome at defined points during the reaction, discrete
FRET efficiencies were correlated with association of particular snRNPs.
Collectively, these experiments are providing insight into the stages of spli-
ceosome assembly and activation at which the branch site and 50 splice site
come into spatial proximity, a necessary precursor to catalysis.
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Protein-RNA Dynamics in the Central Junction Control 30S Ribosome
Assembly
Rajan Lamichhane, Kris A. Baker, Philip R. Cunningham, David Rueda.
Interactions between ribosomal proteins and ribosomal RNA (rRNA) facilitate
the formation of functional ribosomes. S15 is a central domain primary binding
protein that has been shown to trigger a cascade of conformational changes in
16S rRNA, which result in the functional structure of the central domain. Pre-
vious biochemical and structural studies in vitro have revealed that S15 binds
a three-way junction of helices 20, 21 and 22, including nucleotides 652-654
and 752-754. All junction nucleotides except 653 are highly conserved in bac-
teria implying that these nucleotides are functionally important. To identify
functionally important sequences and structural elements within the junction,
nucleotides 652-654 and 752-754 were subjected to saturation mutagenesis
and functional mutants were selected and analyzed. Only 74 mutants were iso-
lated with greater than 4% ribosome function in vivo. To determine whether
S15 binding was affected by mutations in the junction loop, S15 was cloned
and over-expressed with the junction mutants. S15 complemented mutations
in the junction loop in each of the partially functional mutants. Nonfunctional
mutants were not complemented by over-expression of S15.
We used single molecule Fluorescence Resonance Energy Transfer (smFRET)
to study the Mg2þ and S15 induced conformational changes occurred for all
types of mutants andWT loops. Comparison of the structural dynamics of these
mutants and WT sequence in the presence and absence of S15 revealed specific
sequence and structural motifs in the junction loop that are important in ribo-
some function.
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Structural Analysis of the C-Terminal RNA Binding Domain of CPEB3
Bryce Hilburn, Daniel Merkel, Sarah Wells, Brian Lee.
Cytoplasmic polyadenylation element binding protein isoform 3 (CPEB3) is
a translational regulatory protein. There are four isoforms of CPEB. CPEB1
binds to a uracil rich cytoplasmic polyadenylation element (CPE) sequence
in the 3’UTR of mRNA and upon phosphorylation switches from an inhib-
itor to an activator of translation through regulation of polyadenylation.
CPEB3 does not promote polyadenylation nor does it bind to the CPE se-
quence. Rather, CPEB3 recognizes a structured RNA motif in the 3’UTR
and inhibits translation. CPEB comprises an N-terminal kinase-binding re-
gion, two RNA recognition motifs that function in molecular recognition
and a C-terminal zinc finger that doe not influence specificity, but is re-
quired for binding RNA. Our initial research is focused on the recognition
of a structured mRNA by CPEB3 for comparison with parallel studies of
CPEB1 bound to a single stranded CPE sequence. We have cloned,
